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. provided for different types of tasks, Two types of training variables are used
_in the performance shaping functions~-frequency and recency of practice.
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FOREWORD

This report describes how the Personnel-Based System
Evaluation Aid (PER-SEVAL) performance shaping functions were
developed. PER-SEVAL is one of six automated aids being
developed under the HARDMAN III development program. The
objective of PER-SEVAL is to find values for the personnel
characteristics that will meet system performance requirements
given fixed values for conditions, training, and design. 1In
essence, PER-SEVAL estimates the personnel quality requirements
of a particular contractor’s design.

Other automated tools in the HARDMAN III contract will
assist U.S. Army personnel in developing system performance
requirements; identifying manpower, personnel, and training
constraints; determining maintenance manpower requirements; and
assessing operator workload. HARDMAN III is one of several
automated tools being developed for Army analysts by the U.S.
Army Research Institute for the Behavioral and Social Sciences
MANPRINT Division.

iii. .




DEVELOPMENT OF THE PERSONNEL-BASED SYSTEM EVALUATION AID
(PER-SEVAL) PERFORMANCE SHAPING FUNCTIONS

EXECUTIVE SUMMARY

Requirenment:

To ensure the personnel quality requirements of new weapon
systems, quantitative methods for predicting the impact of per-
sonnel characteristics on soldier performance must be developed.

Procedure:

Researchers conducted regression analyses on selected data
from the U.S. Army Research Institute for the Behavioral and
Social Sciences Project A data base. Separate analyses were
conducted for different types of tasks. In each analysis, an
attampt was made to predict performance as a function of the
Armed Forces Vocational Aptitude Battery (ASVAB) composite and
the frequency and amount of sustainment training.

Findings:

Performance shaping functions were developed for most of the
task types. It was impossible to develop functions for several
types of tasks because there were so0 few instances of these tasks
in the Project A data base.

Utilization of Findings:

The performance shaping functicns will be incorporated into
the Personnel-Based System Evaluation Aid (PER~SEVAL). PER-SEVAL
will assist Army analysts in assessing the personnel quality re-
quirements of future Army systems. The functions could alsoc be
used in other tools reguired to predict task performance as a
function of aptitude and sustainment training. The authors
recommend that the performance shaping functions be validated
in future ARI studies.
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DEVELOPMENT OF THE PERSONNEL~-BASED SYSTEM EVALUATION AID
(PER-SEVAL) PERFORMANCE SHAPING FUNCTIONS

Introduction

Qbjective of Paper

This paper has two objectives. First, it describes how the
Personnel-Based System Evaluation Aid (PER-SEVAL) performance
shaping functions were developed. Second, it describes how these
functions will be used to identify minimum levels of personnel
characteristics for a particular contractor's design.

The paper builds on two earlier reports: the PER-SEVAL
concept paper, which was delivered to ARI in April 1987, and the
PER-SEVAL design specifications, which were delivered to ARI in
December 1987.

Qverview of PER-SEVAL

PER-SEVAL is one of six automated aids being developed under
the MANPRINT methods contract. Figure 1 outlines the objective of
PER-SEVAL. Performance is a function of personnel
characteristics, conditions, training and the system design {(and
many other thirngs as well, but these are the variables addressed
by PER~SEVAL). The objective of PER-SEVAL is to find values for
the personnel characteristics that will meet system performance
requirements given fixed values for conditions, training, and
design. 1In essence, what PER-SEVAL does is to estimate the
personnel quality requirements of a particular contractor's
design.

Performance = F (P,C,T,D)

P = Personnel Characteristics
C = Conditions

T = Training

D = Design

Objective: Find Values for "P" that Meet Performance
Requirements Given Fixed Values of {, T, D.

Figure 1. Objective of PER-SEVAL.

The personnel quality requirements produced by the PER-SEVAL
Aid will be part of the overall evaluation of a contractor's
design. Evaluations may be made as early as the proof-of-
principle phase of the acquisition process and would probably be
continued in subsequent phases. The primary users of the




PER-SEVAL Aid would be the Directorate of Combat Developments
personnel who provide input to the Cost and Operational
Effectiveness Analysis (COEA) and the Logistic Support Analysis
(LSA); and the logisticy division of the program manager's staff
who develop manpower and personnel information for the LSA.

The PER~SEVAL Aid receives critical inputs from three other
MANPRINT methods aids--The System Performance and RAM Criteria
Aid, The Personnel Constraints Aid, and The Manpower-Based System
Evaluation Aid. The System Performance and RAM Criteria Aid
(SPARC) produces estimates of system performance requirements.
The Manpower-Based System Evaluation Aid (MAN-SEVAL) identifies
the jobs and tasks associated with each contractor's design. The
Personnel Constraints Aid {(P-CON) describes the projected
distribution of each personnel characteristic.

The PER-SEVAL Aid has three basic components. First, the
PER-SEVAL Aid has a set of performance shaping functions that
predict performance as a function of personnel characteristics and
training. Second, the PER-SEVAL Aid has a set of stressor
degradation algorithms that degqrade performance to reflect the
presence of critical environmental stressors. Third, the
PER-SEVAL Aid has a set of operator and maintainer models that
aggregate the performance estimates of individual tasks and
produce estimates of system performance.

Figure 2 provides an overview of the procedures a user would
employ in using PER~-SEVAL. The user begins an application of the
PER-SEVAL Aid by applying the performance shaping functions using
the mean level of the personnel characteristics and the estimated
amount of training for the new system. These performance
eStimates are then input into the stressor degradation algorithms
where performance is degraded to reflect the presence of the
stressors. Next, the revised task performance estimates are input
into the operator and maintainer models which aggregate them to
produce estimates of system performance, Then, required
performance is compared with estimated performance at either the
task or system level (the user selects the level). If
performance is adequate, the PER-SEVAL Aid stops. Otherwise, the
personnel characteristics are increwmented or decreased and the
entire process is iterated until required performance levels are
met.

y 9=\ ¢ P 2 - 3 e

PER-SEVAL performance shaping functions predict task
performance as a function of personnel characteristics and
training. Separate functions are provided for different types ot
tasks. Two types oOf training variables are used in the
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performance shaping functions -- freguency &nd :ecency of
practice. The primary data source for tine development of the
performance shaping functions was the Project A data base.

E E. il« E J ] ! C ok e .

The performance shaping functicns (PSFs) attempt to predict
performance for "stable design-related" chararteristics. These
characteristics are defined as follows:

A design-related personnel characteristic is an enduring
human attribute that has a significant impact on operator or
maintainer performance and has information available to
estimate its current distribution within the Army.

One of the ultimate objectives of ARI MANPRINT toci
development efforts is to allow Army users to compare the number
of people required at or above a particular personnel
characteristic level with the number available at or above this
level (the latter is produced by P-CON). This type of comparison
is only meaningful for stable or enduring personnel
characteristics. For the same reason, a personnel characteristic
nust either have data available to describe its distribution
within each Army MOS or we must be able to identify other existing
data that can be reasonably generalized to Army MOSs. If we
cannot describe a characteristic's distribution, we have no basis
for describing .t: availability and no basis for setting a
constraint in b COw.

To be & design-related personnel characteristic, a
characteristic must be related to operator and maintainer
performance-~namely, task performance time and/or accuracy. 1If a
characteristic is not related to task time or accuracy, there is
little a contractor can do to design a system to accommodate a
given characteristic level. Four general types of characteristics
meet the criteria described above -- cognitive, perceptual,
psychomotor, and physical characteristics.

Of these four types of variables, the first three types
(cognitive, perceptual and psychomotor) impact how well a task
will be performed while the last type of characteristic (physical
characteristics) primarily determine if a task can be performed.
Since the focus of PER-SEVAL is on predicting how well a given
population can perform a task, the PER-SEVAL PSFs focus on tasks
falling into the first three categories.

Page 17 lists the specific characteristics included in the
PER-SEVAL PSFs.




i Lables i for haping funct i

Originally, we intended to use "amount of initial training™
as the training variable in our performance shaping functions.
However, two problems with this variable were identified. First,
there was a lack of data or data bases which could be used to
relate this variable to task performance. Second, and perhaps
most importantly, to use this variable we would have had to assume
that all soldiers had just graduated from initial training since
development of models to predict the impact of intervening
variables cn learning retention, task practice, and subsequent
task performance would be very complex.

Because of these problems, it appeared that we would have to
leave training completely out of our models. However, we were
able to identify two training-related varlables in the Project A
data base. This data described how frequently and recently within
the last six months a soldier had performed a task prior to the
hands-on test. Together these two variables can be viewed as
describking the amount and recency of practice given to a
particular task. Since practice is one of, if not the key,
tralning variabie, we decided to use these variables as measures
of the amount of sustainment or on-the-job training. Admittedly,
these variables capture only a small part of the total system-
specific training provided to Army soldiers. However, these are
the only variables on which data was available,

Through some simple assumptions and algorithms, we were able
to develop an approach for converting estimates of frequency of
performance on the job into the Project A frequency and recency
metrics, This allowed us to use an input variable (frequency of
performance on the job) that will be more meaningful to PER-SEVAL
users.

In our concept of the PER-SEVAL, perfosmance shaping
functions will he used to predict the performance level that can
be expected for a given set of personnel characteristic lavels and
amount of training. The PER-SEVAL performance shaping functions
will actually predict a relative change from a haseline value
rather than absolute performance. Also note that the performance
shaping functions will describe generic predictor-performance
relationships for types of tasks rather than for specific¢ tasks.

Table 1 displays the general form of the PER-SEVAL
performance shaping functions. Note that the functions predict a
Z score. The PER-SEVAL program will convert the Z score into the
raw score using a standard algorithm for converting Z scores to
raw scores. However, for the mean score, the program will use the
user's estimate of the expected accuracy level for each task
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associated with the specific contractor's design. (The time
estimates produced by MAN-SEVAL are also based on these same
assumptions.) This approach allows us to use a generic
predictionequation associated with different types of tasks to
predict performance on a particular task associated with a
specific contractor's design. The mean estimate provided by the
user captures the unique design features associated with a
particular task. Thus, we assume that the hardware/software
design determines the overall or mean level of performance of a
task and that personnel characteristics or abilities determine
scores of individual soldiers about this mean. This approach
requires certain assumptions -- some statistical and some
conceptual. These assumptions are described in detail on page 79.

Mechani c lizi licat i £ the PSFs t
tasks.

Development of the PER-SEVAL performance shaping functions is
different than the typical regression analyses conducted in
academic psychology because we are attempting to develop functions
that can predict performance for a general class of tasks rather
than a particular task. Our ultimate goal is to predict
performance for the tasks associated with new weapon systems. Two
assumptions or mechanisms allow us to make generalized predictions
for new tasks. First, we assume that the generalized relationships
we develop for a particular taxon apply to all tasks which fall
into that taxon. (On page 87, we outline a set of procedures for
validating this assumption). Second, we use the functions to
predict Z scores =-- that is deviation from a mean value which is
tied to . specific task's overall task difficulty within a
hardware/software design. These two assumptions permit us to
develop functions which are scale invariant -- that is, the
functions predict performance for any task in that taxon no matter
what its scale. This allows us to generalize beyond the specific
types of scales (e.g., per cent correct) which were used during
PSF development.

History of tbea performance shaping function concept.

Our concept of performance shaping functions is derived from
past work on human reliability analysis. Swain (1967) introduced
the term "performance shaping factor" to describe the external and
internal factors which modify or influence human performance.
Since that time, performance shaping factors have been identified
and applied in a wide range of human reliability analyses. A
description of performance shaping factors and their use in human
reliability analysis is provided in Miller and Swain (1986), and
Meister (1985). Performance shaping factors have included
"external" variables such as work space layout, environmental
conditions, and human engineering design, and internal variables




such as training/experience, skill level, intelligence, perceptual
abilities, and physical condition (Miller and Swain, 1987). 1In a
typical human reliability analysis using these factors, task
accuracy estimates are first adjusted to account for the impact
of the performance shaping factors and these adjusted estimates
are combined in a reliability model to produce overall relia-
bility estimates. The impacts of the performance shaping factors
on performance are typically expressed as a percentage change
from a baseline. Table 2 displays some percentage values that
Swain and Guttman (1983) developed to describe the impact of
stress on task accuracy for novice and skilled workers.

Data on the impacts of performance shaping factors may be
derived from empirical studies or from the application of expert
judgment techniques. Miller and Swain (1987) provide a
description of recent developments in the application of expert
judgment techniques.

Although not labelled as "performance shaping factors"
per se, the concept of human performance shaping factors has been
used in other areas as well. Human engineering design handbooks
often use the performance shaping function approach (percentage
impact on a baseline for different types of tasks) to provide
guidance for assessing the impact of environmental conditions or
other related variables on human performance. For example, Figure
3 lists guidance for assessing the impact of wet bulb temperature
on performance for different types of tasks taken from the
Handbook of Perception and Human Performance, Boff, Kaufman, &
Thomas, 1986. .

Constraints op Development of Performance Shaping Functions

Resource and time constraints had a significant impact on the
development of the PER-SEVAL performance shaping functions. The
general philosophy of the MANPRINT methods contract was to develop
automated MANPRINT aids using state-of-the-art technology and
existing data. The PER-SEVAL development schedule reflected this
philosophy. Consequently, there was neither time nor resources
for

a) the collection of additional task performance data. Thus,
we developed the functions using performance data available
in existing data bases.

b) validation of performance shaping function development
process. (Page 87 describes a plan for validation).

The goal of the PER-SEVAL performance shaping functions is an
ambitious one--development of a generic set of functions for
predicting performance as a function of personnel characteristics
and training using existing data sources that can be applied




Table 2

Model Accounting for Stress and Experience in
Performing Routine Tasks"

% increase in Error

Probabliity
Stress Level Skilled Novice
Very Low 200 200
Optimum 100 100
Moderately High 200 400
Extremely High _ 500 100

*Derived from Swain, A.D., and Guttmann, H.E. (1983, August). Handbook of human
reliability and analysis with emphasis on nuclear powaer plant application (Sandia
National Laboratories, NUREG/CR-1278). Washington, DC: U.S. Nuclear Regulatory
Commission,
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Figure 3. Example of the "performance shaping function.”
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across tasks and MOSs. We believe we have constructed a set of
functions that can accomplish this goal and can be incorporated
into an automated aid that can be used by Army users to assess
personnel gquality requirements. However, we recognize that there
is much additional work that can and should be done to improve
these functions (page 87 describes some of this additional work).
Our philosophy has been that it is better to give users a slightly
imperfect tool that can help them in the near term rather than to
tell them to wait while the "perfect tool" is developed.

Qverview of Data Sources for Development of Performance Shaping
Eunctions

The primary data source for the development of the Per-
formance Shaping Functions was ARI’s Manpower and Personnel
Research Division (MPRD) Project A data base. Project A is more
formally known as the project for "Improving the Selection, Clas-
sification, and Utilization of Army Enlisted Personnel." To
date, Project A is the only data base we have been able to iden-
tify that contained the data needed to develop the performance
shaping functions. More specifically, the Project A data base
has hands-on performance data, personnel characteristics, and
training data for nine Army MOS:

113 Infantryman

13B Cannon Crewman

19E Armor Crewman

31C Single Channel Radio Operator
63B Light Wheel Vehicle Mechanic
64C Motor Transport Operator

71L Administrative Specialist

91A Medical Specialist

95B Military Police

The hands-on performance data includes both accuracy and time
data., To facilitate aggregation across tasks, the hands-on
accuracy measure used on almosgt all the Project A tasks was " %
steps correct." While this measure met the needs of the Project A
study, it is, admittedly, not the ideal performance measure for
developing PSFs for predicting weapon system task performance for
certain types of tasks. (Page 87 describes alternative measures
for achieving this objective.) However, since it was the
predominant type of accuracy measure in the Prcject A data base,
we had to use it. Still, no matter what measure was used, we had
the problem of generalizing to other measures or scales
(see page 7).
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The Project A data base contained time data on many but not
all of the hands-on tasks. Appendix A lists, by M0S, all of the
hands-on tasks contained in the Project A data base and their mean
accuracy and time measures.

The Project A data also contained personnel characteristic
scores for each individual in the data base. Table 3 summarizes
the personnel characteristic measures that are included in the
Project A data base. Note that the Project A data contained
values on seven new predictors developed during the initial stages
of Project A. These seven new predictors are actually composites
of several subtests (see Table 4). The ASVAB area scores are also
composites of several subtests (see Table 4).

The Project A data base also had data on the frequency and
recency with which the hands-on tasks were performed. Table 5
lists the scales that were used to assess these measures.

In addition to the Project A data base, the other data source
used for performance shaping functions were recent review articles
(Genaidy, Asfour, and Tritar, 1988; and Genaidy and Asfour, 1987)
on models that predict performance on manual handling tasks.
Selected regression models from these articles will be used to
predict performance for gross motor tasks.

Because we are using the manual handling regression models
"as is" and not developing them "from scratch,” there is no
discussion of these models in the description of the development
of performance shaping functions which follows. These models
were described in the "PER-SEVAL Design Specifications" submitted
to ARI in December 1987,
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Table 4

Subtests in New Project A Personnel Characteristics Composites and ASVAB
Area Composites

COMPOSITE SCORE

SUBTESTS

ADDITIONAL DESCRIPTION

New Project A
Personnel
Characteristics

Numerica! Speed
and Accuracy
(BACCNMSA)

Number Memoery Test
Number Memory Test
Number Memory Test
Number Memory Teat

Mean for Final Response (Final Decision Time)
Mean Hit Rate (Initial Declsion Time)

Poolsd Mean Operation Time (Msan Declsion Times)
Mean for Initiai tnput (Percent Correct)

Overall Spatlel
(BIPCSPAT)

Asssmbling Objects Test
Map Test

Maze Test

Object Rotation Test
Orlentation Tes!

Figural Reasoning Test

None
None
Nons
None
None
None

Complex Perceptual
Accuracy
(B3CCCPAC)

Perceptual Spasd and
Accuracy Test

Target identification Test

Short Term Mamory Test

Mesn Hit Rate (Percant Correct)

Msan Hit Rate {Percent Corrsct)
Mean Hit Rate (Percent Correct)

Complax Perceptual

Perceptus! Spesd and

Mean of Trimmed Dacision Time

Speed Acturacy Test

(B3CCCPSP) Targst identification Tsest | Mean of Trimmed Declaion Time
Short-Term Memory Test | Mean of Yrimmed Declalon Time

Psychomotor Cannon Shoot Test Mean Abs. Time Discrep

{B3CCPS5YM) Target Shoot Test Mean Log (Dist ¢ 1)

Target Shoot Test

Targst Tracking 1

Target Tracking 2

Pooled Mean Moverment
Time

Mean Time to Fire
Mean Log (Dist « 1)
Mean Log (Dist ¢ 1)
None

Simple Reaction
Accuracy
(BAICCSRAC)

Cholce Reaction
Simple Rsaction

Mean Percent Correct
Msan Percant Cotrect

Simple Reactlon
Speed
{B3CCSRSP)

Cholcs Rsaction Time
Simple Reaction Timw

Mean of Trimmed Cholce Declsion Time
Mean of Trimmed Cholce Declsion Time
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Table 4

Subtests in New Project A Personnel Characteristics Composites and ASVAB
Area Composites (Cont.)

COMPOSITE SCORE SUBTESTS ADDITIONAL DESCRIPTION
Il. ASVAB Ares
Composlites
Clerlcal (CL) AR Arithmetic Reasoning ASVABE Subtest - AR
MK Math Krnowledge ASVAB Subtest - MK
VE' Verbai Equivalent ASVAB Subtest - VE'
Coinbat (CO) AR
AS Auto & Shop Information ASVAB Subtest - AS
MC Mechanical Comprehension ASVAB Subtest - MC
cS
Electronics Repalr AR
(EL) El Elsctronics Information ASVAB Subtest - El
MK
GS General Sclence ASVAB Subtest - GS
Flald Artillery (FA) AR
MK
NG
cs Coding Spesd ASVAB Subtest - CS
Genaral Main- ' MK
tenance (GM) €l
Qs
AS
General Technical VE
(GY) AR
Mschanlcal NO Nume:ical dpcultom ASVAB Subtest - NO
Maintenance (MM) El
Mc
AS
Opserators and NO
Food (OF) VE
NC
AS
Survelilance and AR
Communication AS
(sc) MC
VE
Skilted Technical VE
(ST) MK
N [
GS

' The Verdal Equivatent ASVAB Subtest (VE) Is formed by combining scores trom the Paragraph
Comprehsnsion (PC) and Word Knowisdge (WK) ASVAB subtssts.
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Table §

Project A Task Frequency and Recency Scales

e

LA

EREQUENCY

Not at All

1-2 Times (per Six Months)

3-5 Times (per Six Months)

6-10 Times (per Six Months)

More than 10 Times (per Six Months)

BECENCY

During Past Month

1-3 Months Ago

4-6 Months Ago

More than Six Months Ago
Never
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Preparation of Data for Entry into Regression Analyses

Select i £ p 1 Ci teristinsg

Seven factors were con. Jered in selecting the personnel
characteristics to be included in the PSFs:

(1) The personnel characteristic had to be included in the
Project A data base

(2) The characteristic had to be a stable design-related
characteristic as defined on page 4.

(3) The characteristic had to have sufficient variability to
be used as a predictor. Some of the characteristics we had
initially hoped to include (i.e., the PULHES scores) did not
have such variliability. For example, on some of the PULHES
scores, more than 95% of the Project A population had the
same 3score.

(4) Most of the Project A population had to have scores on
the characteristic. For instance, we originally hoped to
include MEPf AT as a characteristic. But only one fifth of
the Project A population had scores on this variable. Because
this one fifth was spread across the different types of
tasks, taere was an insufficient sample to use this
characteristic.

(5) & characteristic was excluded if it was incorporated
into a higher level measure. (For example, all of the new
predictors in the Project A data base were combined into
seven composite scores). This approach was taken to: (a)
ninimize the number of characteristics included in the PSFs,
and (b) to improve the reliability of the characteristics
(the data suggested that the aggregate measures are more
reliable than the lower leve! aeasures).

(6; A characteristic was excluded if it was expected that it
would only be related to performance on gross motor~heavy
tasks since predictions for these tasks would be handled by
the material handling models (see page 11}. Three physical
characteristics were excluded for this reason--height,
welaht, and diastolic blood pressure.

(7) The only ASVAB measures which were included were the
ASVAB area composites aud the reading grade level derived
from the GT composite using conversion algorithms described
in Grafton (in press). Other ASVAB measures which were
available (e.g., ASVAB Quantitative and ASVAB Verbal) were
ercluded because of their redundancy with the ASVAB area

17




composite scoreu. The area composites are the measures used
to control erntry into MOSs. Reading grade level was included,
despite its near perfect correlation with the GT composite,
because of its possible contributinn to the prediction of
performance in MCS8s which did not use the GT composite as a
selection tool. :

Table 6 lists the final set of personnel characteristics that
were included in the rejgression analyses used to develop the PSFs,
'fThe characteristics are divided into three groups--ccgnitive,
perceptual, and psychomotor. Appendix B documents our rationale
for ercluding particular Project A characteristics.

Revelopment of Task Taxonomy

The MPT? task taxonomy has two major uses. First, it was used
to guide the development of the PSFs -- different functiocns were
developed for the different taxons in the taxonomy. Second, it was
used to guide the development of the stressor degradation
algorithms -- different algorithms were developed for different
types of tasks.

In developing the MPT? task taxonomy, we attempted to develop
a classification scheme which would: (a) provide the minimum
number of taxons needed to achieve the two objectives described
above, and {2} classify tasks and not task element:. The first
objective was important because we want to minimize vser input
requirements and PSF development costs. The latter objective was
important because we want the PER-SEVAL nodels to be applicable at
the task level. That is, we want users to be able to assign an
individual task to one or more taxons without requiring them to
identify specific elements constituiing that task. In doing so,
we can significantly reduce user input data requirements (users
who want to apply the models at the task element level can do so).
It should be noted that many behavioral classification schemes,
such as Fleishman's (Fleishman and Quaintance's, 1984), are very
detailed and are more applicable at the task element level.

The PER-SEVAL task taxonomy is primarily an expansion of
Berliner's (1966) task taxonomy. However, an attempt was made to
incorporate key features of Wicken's (1981) structuxe for
processing rescurces. These two structures are reasonably
congruent with one another. Task types were eliminated which,
while possible to imagine on a theoretical basis, seldom occur in
the Army .2.g., auditory pattern recognitlon/discrimination).
Table 7 displays the PER-SEVAL task taxonomy. Some of the lower
level taxons in the hierarchy (see the highlighted taxons in
Table 7) are only used in the stressor degradation algorithms and
are not used in the PSFs.
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Table 6
Personnei Characteristics Used to Develop New PSFs

Type
Cognitive « ASVAB Area Composites
SC = Surveillance Communications
CO = Combat
FA = Field Artillery
OF = Operators and Food
ST = Skllled Technical
GT = General Technical
GM = General Maintenance
EL = Electronics
CL = Clerical
MM = Mechanical Maintenance
+ Numericai Speed and Accuracy*
+ Reading Grade Level
+ Spatial*
Perceptual + Complex Perceptual Accuracy*
+ Complex Perceptuai Speed*
Psychomotor + Psychomotor*
+ Simple Reaction Speed®
+ Simpla Reaction Accuracy*

* N:w ©roject A Predictor

—— 4

18 -~




Table 7

MPT2 Task Taxonomy

Type Taxon
Perceptual + Visual Recognition/Discrimination
Cognitive « Numerical Analysis

+ Information Processing/Problem Solving

Motor + Fine Motor - Discrete

« Fine Motor - Continuous
+ Gross Motor - Light

+ Gross Motor - Heavy

- Lifting, Lowering*
- Torquing/Pulling*
- Carrying*

Communication

= this level of taxon only used in stressor degradation
models

+ These taxons used only in material handling models
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Definitions and examples of each of the taxons are provided in
Appendix C.
Linkage of Personnel] Characteristics to Task Taxonomy Categories
Table 8 displays our estimates of the personnel
characteristics that can be expected to predict performance for
each of the taxons in the task taxonomy. ASVAB area composite is
listed as a potential predictor for each taxon. Four of the new
Project A predictors (complex perceptual accuracy, complex
perceptual speed, simple reaction speed, and simple reaction
accuracy) are also listed as potential predictors for every taxon.
However, the two accuracy measures (complex perceptual accuracy,
simple reaction accuracy) were used to predict task accuracy and
the two speed measures (complex perceptual speed and simple
reaction speed) were used to predict task time. The logic
underlying these assignments was that these composites were
complex and not easily assigned to a particular taxon. The
remaining two Project A predicters (numerical speed and accuracy
and psychomotor) could be readily tied to specific taxons.
Numerical speed and accuracy is expected to be a predictor of the
numerical taxon. Psychomotor is expected to be a predictor of the
four psychomotor taxons. Reading grade level is expected to be a’
predictor of the communication - reading and writing taxon.

Assigoment of Project A Tasks to Taxons

Using the definitions listed in Appendix C, DRC staff
assigned each of the Project A hands-on tasks to one or more of
the taxons. Each task could be assigned to a maximum of three
taxons. We also estimated the expected percentage of task
elements involving each taxon. This process paralleled the
(expected) approach that users will take in assigning tasks to
taxons in PER-SEVAL (see page 77 for a description of this
process). The assignments and estimated percentages for each task
are listed in Appendix A.

Table 9 displays the distribution of the hands-on tasks
across taxons within each MOS based on the primary taxon
assignment. Note that one of the taxons (gross motor-heavy) was
not represented in the Project A data base. This does not pose a
problem since we planned on using existing manual handling models
for this type of task (see page 12). For several of the other
taxons (e.g., visual recongnition/ discrimination, gross motor-
light), there was a small number of tasks in the Project A data
base. This posed a problem since we needed multiple tasks within
the same taxon in an MOS to build a taxon performance measure.
(Without such a measure, we cannot develop a PSF for that taxon.)
To overcome this problem, we began to examine the knowledge test
items in the Project A data base as a possible additional source
of task items. We did this because we believed that for certain
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taxons (e.g., communication~reading/writing) there was a great
deal of similarity in the way that Project A hands-on and
knowledge items were measured--that is, actual performance of the
task tapped by the hands-on measures played a small role in
overall task performance. Thus, we decided to include knowledge
items for the four taxons without a significant psychomotor
component, (i.e., visual recognition/discrimination, cognitive-
numeric, cognitive-reasoning/problem solving/decision making, and
communication reading/writing). Pages 26 to 36 describe the
knowledge items included in each taxon.
Selection of Tasks For Taxon Measures

In order to predict performance, we selected a set of tasks
to represent each taxon. Since we intended to construct taxon
performance scores by aggregating across tasks falling into that
taxon for a particular individual, all of the tasks selected for a
particular taxon had to come from the same MOS. Two criteria were
used to determine which MOS would represent a particular taxon.
First, the MOS had to have a relatively large number of tasks
falling into a particular taxon. It is important to stress the
word "relatively" because for some taxons the maximum number of
tasks within any MOS was only 2 or three. Second, where there were
several MOSs to select from, we selected the MOS which (a) had
available training frequency and recency and time data and (b) had
a relatively large number of hands-on task items. The emphasis on
the hands-on measures reflects our overall preference for the
hands-on measures.

In selecting tasks to represent a taxon, we also examined the
contribution of individual tasks to overall scale consistency
(coefficient alpha). We used this examination as a statistical
check on our taxon assignments. Assignments for tasks which were
not consistent with the overall scale were reexamined. This was
accomplished by reviewing the Project A descriptions. Based on
this review, taxon assignments were changed for a few of the
tasks. However, if the taxon assignment was deemed appropriate, it
was left in the taxon measure despite its lack of statistical
consistency with the overall measure. We used this procedure
because we wanted to take a predominantly ratioral rather than a
purely empirical approach to the construction of taxon scale
measures.

Table 10 lists the MOSs selected to represent each taxon and

the types of tasks included in each taxon measure. A more
detailed description of the tasks selected for each taxon follows.
Yisual recognition/discrimination.

Table 11 summarizes the tasks used to construct the
performance measures for this taxon. Only two MOSs (11B and 64C)
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had tasks in this taxon and each of these only had one task. The
11B task (Conduct Day and Night Surveillance Without the Aid of
Electronic Devices) was especially interesting because rather than
using "% steps correct," a measure of the % correct visual
identifications was used. (The actual measure was targets
correctly located in one minute plus total targets correctly
located minus false detections). Consequently, we decided to use
11B as the source for developing this taxon. To supplement the
one hands-on task for 11B, we decided to use one knowledge item
for the task "Identify Armored Vehicles." 1In testing this itenm,
soldiers were shown photographs of actual armored vehicles and
asked to identify the vehicle from a set of choices.
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Cognitive - pnumerical.

Table 12 summarizes the tasks used to construct the
performance measures for this taxon. Only MOS 95B, had more than
two tasks falling into this taxon --hence, 95B data was used to
develop the cognitive-numerical taxon.
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Cognitive - reasoning/problem golving/decision making

Table 13 summarizes the tasks used to construct the
performance measures for this taxon. MOS 31C had five hands-on
tasks falling into this taxon and three tasks with clearly

relevant knowledge measures, which were also used in the taxon
measure.
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Fine motor - discrete.

Table 14 surmarizes the tasks used to construct the
performance measures for this taxon. Since most of the Project A
hands-on measures fell into this taxon (this is not surprising
since the % steps correct metric is most appropriate for this type
of task), there were many MOSs to select from. We selected 95B
because it had training frequency and recency data for each fine
motor - discrete task and because it had time data available for
the vast majority (eight out of ten) of these tasks.
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_ There was only one task falling into this taxon in the entire
Project A data base--Operate Tractor and Semitrailer from MOS 64C.
Additionally, this task was tested using a metric (i.e., % steps
correct) that we felt didn't adequately measure the "fine motor-
continuous" aspects of the task. Consequently, we decided not to
attempt to build a PSF for this taxon. Page 87 describes our
approach for dealing with the lack of PSF for this taxon.




Gross motor - light.

Table 15 summarizes the tasks used to construct the
performance measures for this taxon. We decided to use 11B since
it was the only MOS with more than one task falling into this
taxon.
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Gross motor - heavy.
No Project A tasks fell into this taxon. Performance for

tasks falling into this taxon will be predicted using the
materials handling models (see page 11).
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Table 16 summarizes the tasks used to construct the
performance measures for this taxon. Both 19E and 95B had two
tasks falling into this taxon. We decided to use 19E since this
MOS contained weapons system operators.
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Table 17 summarizes the tasks used to construct the
performance measures for this taxon. 71L had the most hands-on
tasks (3) falling into this taxon. In addition, 71L bad a number
of clearly relevant knowledge items which fell into this taxon
(see Table 17). Most of these items involved reading and
evaluating typed material.
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Construction of Criterion Measures

The objective of the PSF development effort was to develop
functions to predict performance for different types of tasks as a
function of personnel characteristics and training. We are
interested in predicting performance for a task type rather than a
specific individual task. Thus, our dependent measure was mean
task performance for a particular task type rather than
performance on a specific task.

To construct mean task performance measures for each taxon,
we first developed standardized scores for each task by
calculating the mean and standard deviation for the MOS on that
task. We then took the mean of these standardized scores across
the tasks falling into the taxon for a particular individual. We
used standardized scores because tasks falling into the same taxon
sometimes used different scales. For the most part, "% steps
correct" was used as the criterion accuracy measure for Project A
tasks. However, for a number of tasks, other scales (2.9., total
targets correctly located) were used.

The same procedure was used to construct mean values fcr both
time and accuracy: standardized scores were developed for each
task and the standardized scores were averaged to create an
overall taxon measure. Time values were not available for all
Project A tasks; so in some cases the number of tasks used to
construct the mean time values was different than the number of
tasks used to calculate the mean accuracy values (see Table 10).

Construction of Predictor Measures

Table 18 summaiizes the predictor variables used to develop
the PSFs and the calcuiations, if any, that were needed to create
these variables. .

Conatructdon of reading grade level score.

A reading grade level (RGL) score was calculated using a
transformation table developed by Grafton (in press). The table
lists values for converting scores on the GT ASVAB area composite
to RGL.

Ny
ol

Mean training frequency and recency scores were calculared
for each taxon by averaging across the tasks which fell into tiuit
taxon., Frequency and recency scores were not available for ali
tasks. (See Table 19) o
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Table 18

Calculations Required to Construct Predictor Variables

PREDICTOR CALCULATIONS REQUIRED
ASVAB Area Composites None
Numerical Speed and Accuracy None

Reading Grade Level

Derived from GT In
Accordance with
Grafton (In press)

Spatlal None
Complex Perceptual Accuracy None
Complex Perceptual Speed Wone
Psychomotor Non‘e
Simple Reaction Speed None
Simple Reactlon Accuracy None

Frequency Calcuiated by Averaging
Acrocs Yasks In Taxon
Recency Caiculated by Averaging

Across Tagks in Taxon

Frogusncy-Recency
interaction Term

Calculated by Multiplylng
Frequsncy and Recency Scores

Accuracy*

* Ussd as a predictor for tims only
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We hypothesized that there would be an interaction between
training frequency and recency in terms of their impact on
performance. For example, one might expect the impact of recency
on performance to vary depending on how frequently the task was
performed. To include this interaction in the PSFs, we
constructed an interaction term by multiplying frequency and
recency.
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Results of Regression Analyses

Two sets of regressicn analyses were conducted to develop the
PSFs for each taxon. In the first set of regression analyses,
performance was predicted as a function of personnel
characteristics and training without correcting for restriction of
range in ASVAB area composites. In the second set of regression
analyses, corrections for these factors were applied. The actual
PSFs were constructed from the second set of analyses--that is,
the analyses with the correction factors. Results from the first
set of analyses are presented to show the impact of the correction
factors.

Each set of analyses was conducted in the following manner:
Bredictoxs.

A different set of predictors was used for each taxon (see
Table 20). The predictors employed were based on the
characteristic-taxon relationships described on page 21. Wherever
data was available, frequency and recency and their interaction
are used as predictors for each taxon. Actually, 10 separate
regression analyses were conducted for each criterion
corresponding to the 10 ASVAB area composites. This approach was
taken so that PSFs would be available for any MOS regardless of
which ASVAB area composite is used as a selection criteria for
that MOS.

Criterisa.

Separate sets of regression analyses were conducted to
predict the accuracy and time measures for each taxon. Thus, 20
regression analyses were conducted for each taxon (10 ASVAB

”

composites times Z types of performance crlteria,)

To predict accuracy, the predictors were entered in three
*blocks." 1In the first block, the relevant ASVAB composite was
enterad. In the second block, of the training-related variables
(frequency, recency, and frequency-recency interaction term) were
entered into the eguation. In the third block, a stepwise
technique was used to determine which of the remaining predictors
would enter the equation.

To predict time, the predictors were entered in four blocks.
In the first block, the ASVAB composite was entered. In the
gecond block, the training varliables were entered. In the third
block, the accuracy criterion was entered. 1In the fourth block, a
stepwise technique was again used to determine which of the
remaining predictors would enter the equation. Accuracy was used
as a predictor of time because of the expected relationship

47 -




Table 20

Expected Predictors for Each Taxon

5 2 2 g s & o
= [ 8 ‘£ .
£E. |5 d |5 T 13 |sE |s
[ . B b
gs & |*° . \ 23 |2
iz e | ls8 18 |58 |35 |3
cE |3 23 | 8 53 e -
i ? |5 2|3 |3 |5e |5
3-5 5 §% SEE s E% £
3 |E |2z |23 |3 EY | &3
58 |2 |Es | &8 & |38 |85
g' by ry g' ; fry g‘ ry >
IR HEHAHAHAHAHAHAHE
<|F |<iF|<[F | <|Fl<|F |<IF]<|F|<|F|< |F
ASVAB Composite xiNAx I xf x| xtx|x X|x) x|x|{x | x
Reading Grade Level X
Complex Perceptus! Speed N/A X X X X X X
Complex Percepiual Accurecy X X b 4 X X X X
Overall Spatial xiwalx x| x]xyx]x 1 xIxfx|x}x | x
Numerical Speed & Accuncy X | X ,g
)
Paychomstor X s E X )
g
Simple Resction Speed N/A X X s g 3 X X
Simple Reaction Accuracy X X X X ‘_é 2 X X
[ ]
Teaining Frequency xpvafe x| xfx|xixl @ |3 g X X [Nrainia2
) 9 i
Training Rscency XINAIXIX]X]|X]IX]|X L3 X|x}|x X]NIA NIA
Treining Fraquancy X
Recensy Intersction Xfwalx x| xfx)x}x x|x|x]x INIA N/A
Aczeurecy N/A X 4 X X X N/A

! Time measures for Visuai Recognition/Discriminstion end Communicstion - Oral

were not available
2 Tralning measures for Communication - Orel were not available
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between time and accuracy. In PER-SEVAL, we intended to first
predict accuracy and then predict time given the predicted
accuracy value. ‘

Results From Reqression Analyses Without Correction Factors

Table 21 summarizes the results from the regression analyses
without the correction factors. 1In doing the regression
analyses without the correction factors, predictors were forced
into the equation to mirror the results obtained from the analyses
with the correction factors (see below).

ssults From Re =1] nalvses Wi Correction Factors

Regression analyses were conducted with correction factors
for restriction of range due to the use of ASVAB scores as a
selection mechanism for entry into the Army and individual MOSs.

Correction for restxiction of range.

Entrance into the Army is typically restricted to individuals
who score above a minimum value on the Armed Forces Qualification
Test (AFQT). The AFQT is a composite of four ASVAB subtests --
Arithmetic Reasoning, Word Knowledge, Paragraph Comprehension, and
Numerical Operations. Once an individual is accepted into the
Army, he or she is assigned to an MOS. However, entrance into the
MOS is typically restricted tc individuals who score above a
minimum value on a particular ASVAB area composite. The ASVAB
area composites are also composites of individual ASVAR subtests
(Table 4 lists the subtests in each composite). Thus, restriction
of range occurs at two levels—--entrance into the Army and entrance
into the MOS.

The procedure used to correct R for range restriction is one
proposed by Lawley (1943) and described in Lord and Novick (1968).
In applying the procedure, the variance-covariance matrix of the
ASVAB composites for the 1980 youth population was computed using
the variance-covariance matrix of the ASVAB subtests (Mitchell and
Hanser, 1980). Table 22 lists these intercorrelations. The next
step in the correction procedures was to adjust for the MOS
selection criteria (i.e., the ASVAB composites). The variances
and covariances for the ASVAB composites for each Project A MOS
used in the analyses are listed in Appendix D.

Mathematical description of correction procedures.

In describing the equations for correcting for restriction of
range or curtailment, we use the following notation:
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Table 22

Mean, Standard Deviations and intercorrelations for Population Taking ASVAB:
1980 Reference Population Subtest Scores?

ASYAB Subtest (N = 9173)

Arithmetic Word Paragraph Numerical | General [Coding |Auto & Shop |[Mathematics| Mechanical [Electronics
Reasoning | Knowiedge |Comprehension |Operations| Sclence |Speed | Information | Knowledge [Comprehension |information
AR WK PC NO GS cSs AS MK MC El
AR| so0.33b
10.28 s0.81
WK 71 10.05
51.47
PC| .67 .80 oer
4838
NO| .63 .60 .60 bpgpdd
GSs| .72 .80 .69 52 | ‘e
Cs| .51 .55 .56 .70 A5 | §i%e
AS| .53 .52 A2 .29 .64 | 22| 4
MK| .83 .67 .64 .62 .69 | .52 41 b
MC| g8 .59 .52 40 70 | .33 74 .60 4758
El| .68 .68 .57 41 76 | .34 .75 .58 .74 o
AR = Arithmetic Reasoning CS = Coding Speed
WK = Word Knowledge AS = Auto and Shop Information
PC = Paragraph Comprehension MK = Mathematics Knowiedge
NO = Numerical Operations MC = Mechanical Comprehension
GS = Genersl Sclence El = Electronics information

* Restricted to persons {n the sample born between January 1, 1957 and December 31, 1962 (18 through 23 years at

time of testing, July-October 1980).
b Means and Standard Deviations along the diagonsl. Means are slightly sbove the diagonal, and standard

devistions are slightly below.

REFERENCE:
Office of the Assistant Sscrelary of Defenss (OASD) [Manpower, Ressrve Affairs, and Logistics). (1982).  Proflle of
Amarican Youth: 1940 Natlonwida Adminiatration of tha Armad Sacvicea Vocatianat Aptituda Rattery.




x (X) - Variables on which explicit selection has
taken place (corresponding variables in the
uncurtailed population)

y(Y) - Variables on which incidental selection has
taken place (corresponding variables in the
uncurtailed population)

Sx (SX) -~ Variance covariance matrix of the wvariables on which
explicit selection has taken place

Sy (SY) -Variance covariance matrix of the variables on which
incidental selection has taken place

We make the following assumptions (Lawley, 1943; Lord and Novick,
1968) :

(1) E (Y | X) =E (y | x)

(ii) SY.Xx = Sy.x
The first assumption is that the regression equations and, hence,
the regression coefficients, are equal in the curtailed and the
uncurtailed populations. Since the regression coefficients are
given by the expression B = SX-1 SXY = Sx-1 Sxy, it follows that;

SXY = SX Sx-1 Sxy

The residual, a partial variance-covariance matrix Sy.x is given
by the expression:

Sy.x = SY - SYX SX-1 SXY
Similarly,

Sy.x = Sy - Syx Sx-1 Sxy
Thus,

SY

S'XY SX-1 SXY = Sy - S'xy Sx-1 Sxy
and, hence,

SY = Sy + S'XY SX-1 SXY - S'xy Sx-1 Sxy
or,

Sy Sy + (5'XY - S'xy) Sx-1 Sxy




when selection takes place, SX, Sx, Sxy, and Sy are known.
Correcting for curtailment requires obtaining SY, and SXY so that
the variance-covariance matrix of Y and X in the uncurtailed
population can be obtained. Once this matrix is determined, the
equation for predicting Y from X in the uncurtailed population can
be determined.

In the present context, there are two possible definitions of
the uncurtailed population: (a) the 1980 reference population and
(b) the population of those selected to enter the Army. The
equations given above can be used to correct for restriction of
range for these two populations.

Since the 1980 reference population data only includes
information on the relationships among subtests (i.e., standard
deviations and means), it was necessary to estimate the
relationships among the ASVAB composites for this same population.
In making these estimates, we assumed that the composites were
linear composites of the subtests. In actuality, the composite
scores are derived from the subtests using equipercentile-equating
techniques. These techniques involve using conversion tables that
give slightly nonlinear translations of the "sum-of-subtest-
standard" scores.




Results per Taxon

Results for the regression analyses of time and accuracy for
each taxon are provided in the subsections that follow.

!i sual IEQQQHWM i i .

Table 23 presents the regression analyses results for the
accuracy measure. Note that time measures were not available in

the Project A data base for this taxon.
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Cognitive - numerical.

Table 24 and 25 present the regression analyses results for
the accuracy and time measures, respectively.
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Cognitive - information processing/problem solving.

Table 26 and 27 present the regression analyses results for
the accuracy and time measures, respectively.
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Eine motor - discrete.

Table 28 and 29 present the regression analyses results for
the accuracy and time measures, respectively.




. 48} 1eojuyasy
L 1% .z - . - - 124 - - - sz L polNNG
8] masy
. . . . . . . . . . - . “sMunEEey
L It oL (14 zr Y (73 reswspIeAIng
IS o (14 - - - - 14 - - - r el ‘Wm“ib
[T 7]
oL oL 1 I . - . . or . - . e ” ssuvumINIER
[esjunyoepy
. . {L0) 1vapgoey
oz 1% (134 - - . - (19 . - . ” 113 {s1ouep
D) eeswsus;
" (T} L 1 - - - - iy . . . ts’ ’" R RIeueD
&
”n- % oe - - - - Ly - - - 11y sL m(u. --.ﬂu
(13) svdey
24 Yy .z . - - - " . . . w o emuan
94 80’ (1 . - - - r - - - e " (D) wqwed
. . . R . R . N (1) sapens)
L1} T ot 4y Lo mpyrapses
e, e e L e g
NOILOVHILNI | AONIO3H |AONINOIUI| ADVENIIV| a33ds HOLON |[AJVHNIODY | IVIIVER | ADVMNIDY a334ds 3 NOILYI3MNOO] L1S04NO0OD
AONIO3IY ONINIVHL | ONINIVIL | NOILOVIY | HNOWLOVIH | -OHOASS | % GI348 | TIVHIAO hvnisiowisiivnidaouie] 3aveo BYASY 31414 INM SYASY
b 4 TS 3148 IV INNM X3 WWOD X3 WD oNICY3IY
AON3INOIYS
ONINIVHL
SHOLIIG3Hd MOd SLIHDI3M vi3g

Adeindoy :a1919s1q - J010p Suld 10 (SUORIBLIOD YUM) SesAjsuy uoissesbey jo Aiewwng

8¢c

sl|qey

63




[ 14 21 [ 23 11} - | 1 8" s 73 sonIes
(o8] wmy
. . . . . . . . . . - . 8- T Bt asimpyntd
| 1 4 oz & i 23 FRIVT[II0ANG
.. . . . . - . . . . . . . . {50) peny
[ 14 oz 0n s " L3 73 rasmusto
(mm)
- (130 n 7% - - . - - - " - [ 2 (V3 Le ]
Lot et it )
. - . . . . . . . ‘. . [10) seonape)
"» " £ o7 . i so T 1rsousp
. D) wwum
| ] At 0z L] $1° - - - - - [ o . L3 (75 -y Esuep
{vs) Asompry
sy s1- 1 zr . - - - 2 - - L4 T 4 1oty
. T 8 |
o - 14 1y - - - - [ 130 - L9 . (1 (7 Seeniey
”w- oz~ n s - - - - - 0 - P T {03) equme)
- . . . . . . . . . . -~ . (13) sapsaw
or si 3 zt £ 10’ re £ ey a0t
AJVHNIOV | NOILOVHILN:! [ ADONIDOINM [ADNINODINA AIVHNIOVY| a334s WOLOR [ADVENJOV] TWiLYES | ADVUNIDW C33¢8 TIATT  HLIUSOMODINGHVIZUNOD 3115040
AJN3O3INY OHINIVHL | DNMIVHL | NOLIVIY | NOLLOVIM | -OHIASE | 9 s | 1TVIE3A0 NVNiETINISIVNLEI3NA4] 3IOVND SYASY FeuNM SYASY
X TIdNIS II4INS TVIRENK E3IIROD X N0D oONKIvIN
AONINOIYA
ONINIVHL
SHO101038d HOd4 SIHDIEAM Vi38

sunjl :91240SiQ - JOIOW Ould 10} (5u0§I0a1I0D YIIM) SeSA[BUY uoissasBay jo Asswwing

62 ojqeL

64




Gross motor - light.
Table 30 presents the regression analyses results for the

accuracy measure. Note that time measures were not available in
the Project A data base for this taxon.
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Communication - oral.

Table 31 and 32 present the regression analyses results for
the accuracy and time measures, respectively.
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Communication - reading/writing.

Table 33 and 34 present the regression analyses results for
the accuracy and time measures, respectively.
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Table 35 summarizes the results from the regression analyses
with the correction factors. Tables 36 and 37 provide comparisons
with the regression analyses which were done without the
correction factors for time and accuracy, respectively.
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Description of How the PSFs Will Be Used

Figure 4 provides an overview of how the PSFs will be applied
in PER-SEVAL. 1In the initial steps of a PER-SEVAL application,
users provide the input information needed to apply a PSF. To do
this, they first assign the duty positions associated with a new
weapon system to an MOS. These duty positions were constructed as
part of the MAN-SEVAL application. As part of this process a user
may identify a new MOS. Once an MOS has been identified, the
system will identify an ASVAB composite for that MOS and expected
cut-off and mean levels for that composite. The user is then
asked to assign each operator and maintainer task to one or more
of the MPT? taxons using the taxon definitions provided in Appendix
A as a guide. Each task can be assigned to a maximum of three
taxons. Users will also estimate the expected percentage of task
elements involving each taxon.

In the next step of a PER-SEVAL application, the user
describes how frequently the task will be performed on the job.
The system then converts this information into estimates of
frequency and recency of performance. (The PER-SEVAL design
specifications describe this conversion process in detail.) 1In a
later PER-SEVAL step, the system will ask a series of questions
that are designed to elicit from users the minimum information
needed to estimate the mean level of performance that can be
expected given (a) a particular contractor's hardware/software
design and (b) the expected quality of the population who will
perform the task (i.e., the level of the relevant ASVAB area
composite) . Page 81 outlines the process that will be employed
to obtain these mean values.

Once the taxon assignments have been made and the mean
performance values have been obtained, PER-SEVAL begins the
process of identifying the minimum level of the ASVAB area
composite that will provide the desired performance level--that is
the level that will meet the performance requirements identified
by SPARC, one of the other MANPRINT aids. There are two
components to these performance requirements--a standard which
describes the quantitative level of performance that must be
achieved and a criterion that describes the percentage of time
that level must be achieved. PER-SEVAL identifies the minimum
ASVAB area composite by iteratively changing the composite score,
calculating the impact of this change on other personnel
characteristics, and then using the PSF to estimate expected task
performance at the new predictor levels.

The next section provides several examples of how the PSFs
will be applied once taxon assignments, mean performance levels,
and revised predictor values have been determined. 1In subsequent
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sections, procedures for estimating the mean performance levels
and revised predictor values are outlined.

Example of PSKF Application

In this section, we present an example of how the PSFs will
be used to predict task performance. The example employs data from
the Project A data base. The task used in this example is "Start

and Stop a Tank."

The PSFs are applied in a three step process. Fiyrst, the raw
score for the predictor variables are converted to standardized
scores. Second, a standardized criterion score is predicted by
multiplying each standardized predictor by its beta weight (from
the PSFs) and summing the result. Third, the standardized
criterion is converted to a raw score. Note that the mean
criterion value used in this conversion is supplied by the user.
Table 38 displays the results of each of these steps for the

example task.

Predictions for task time will be calculated in a similar
manner except that task accuracy will be included as a predictor
variable. Thus, the accuracy score for a particular task is
predicted prior to the time score for that task.

In some cases, a single task may be assigned to several
taxons. In these cases, predictions are made for each taxon and a
weighted average ls calculated, weighing each taxon prediction by
the percentage value assigned that taxon by the user.

Assumptions in Applying PSFs

A number of assumptions underlie application of the PSF in
the manner described above. The key assumptions are as follows:

1) The PSFs we have developed for a taxon can be applied to
any task which is placed in that taxon;

2) The same predictor-criterion relationships apply over
different levels of the predictors and the performance
measure;

3) Predictor-Criterion relationships do not vary as a
function of other personnel characteristics or other
variables;

4) Users can reliably assign the tasks to taxons and provide
the information needed to estimate mean performance levels;

79 -




FHOOS NOIMALIND GALDI0INd = 'K

zos + (voc-suzst) = 1L
Ny3m ¢ (0'S X NOIHILHI QIZICUVANYLS QLTI = X
‘IHIHM

‘FHOOS NOHIALIYD MVYH JLYRUSI ¢

ee = 600’ o ”z0’ czh- T3S 100 00" 000" o sz ...«mms_nnm u0ss
$L0° g6~ TV 111 sye’ 210°- 13 »00° [ 1 ]3¢ (113 EMH “WW’“
S s e ——————————— e ——— e ——————
ADN3IJIY AONIO2Y [ADN3INOIYLA| T13AIN 1VILVdE | AOYENIOY a3349 G33ds AJVHADIOY SVYASY
X Iaveo NOLLOV3Y NOWLOV3H YNLId3083d NYNidadH2d
ADNINO3IYS ONIav3y 3dms AdNiS XITdROD XITdNOO

SIHOIIM VAIE AddY T

zv g€ - €T S8’ $§° T " s *z $9°0 10 wmsm.ﬂﬁﬂh-_.ﬂﬂu
L 8 6 -} iy €yt cis 612 cet ”ZL %14 iz som ‘as
0L 9z 8z 8's tLez L°zZoL e 6°ts- (211} o°col zZ09 (112 so®) NvIm
L 622 (2% €L rig gsoL (& .- o9t T - Mﬂ_wwﬂz.ﬂu_c. _
ASNIOIY ADNIOIY [ AON3INOD3y4| 13A 1viLvds [AOYEADDY a33ds a334ds ADYHROOV 19 ADYENIOY
X 30V NOILOV3H | NOILOY3H IVNLd4IDYIL{TIVYNLAIOUId SYASY
ADN3INODIYL ONIav3H FidNiS INdMIS X374MOD XTIAMOD

$3HOIS HOLIIOIHG OIZITHVYANFLS CL S$IY0OS HOLIIGIUE MVH LUIANOD

T SON
NOLLISINO3Y ¥ IUVdIHd (EHHY) NSVl

uonediiddy 4sd 2idwexy

g8e 9ot

80




5) The corrections for restrictions of range are based on
the following statistical assumptions.

The two sets of prediction equations relating the performance
of a task in a given taxon to the scores on the predictor
variables were developed using (a) the reference population, and
(b) the population of those selected for an MOS. In developing
these equations it was assumed that:

(1) E(Y | X) = E{y | %)

where Y is the criterion score in the unselected population (a) or
(b) and y is the corresponding score for those who have been
selected into a MOS. Similarly X is the predictor score in the
unselected population (a) or (b) and x is the predictor sccre for
those selected into a MOS.

The second assumption is:
(i1) O2yvix = O2yix

i.e., the variance of Y partialling out the effect of X in the
unselected population is the same as the variance of y partialling
out the effect of x in the population selected into a MOS.

These two assumptions are given in terms of a single
criterion variable and a single predictor variable. These
immediately generalize to the multivariate case and provide the
basis for correcting for restriction of range.

ls for Eliciting Mean Performance Values

In estimating mean task performance within the framework
described here, there are tihree factors that must be considered--
the difficulty of the task as determined by the hardware/software
design, the overall capabilities of the population performing the
task, and the sustainment training opportunities provided to this
population (i.e., frequency and recency of task performance).
Within the PER~SEVAL framework, we assume that the "overall
capabilities of the population" are primarily determined by one
type of personnel characteristic--the ASVAB area composite used to
control entry into the MOS. We assume that the distribution of the
other personnel characteristics (e.g., the new Project A
predictors) are determined by the cut-off level selected for the
ASVAB area composite. Hence, when ldentifying a reference
population to make the mean judgement, the user has to consider
only one personnel characteristic--ASVAB area composite.

Despite this simplification, making a direct judgement of the

mean taking into accpount these three factors is a complex process.
The PER-SEVAL program is designed to minimize the complexity of

81




this process. There are three situations under which the mean
values coulcd be obtained (see Figure 5).

First, because PER-SEVAL is designed to be applied later in
the acquisition process, it is possible that performance data will
be available for the task from test and evaluation. As part of
the test and evaluation, data could be collected on mean task time
and accuracy, the mean and standard deviation of the ASVAB area
composite of the soldiers performing the task, and the training
frequency and recency prior to task performance. This information
is all that is needed to derive the necessary inputs for the PSFs
(see Figure 5).

In the second and third situations, we assume that empirical
data on task performance is not available. 1In the second
situation, we assume that the task whose performance we are
attempting to predict is measured on the same scale as the Project
A tasks (i.e., percent steps correct). In this situation, the
system first estimates scores for all personnel characteristics
other than ASVAB area composite (scores for the composite were
identified in an earlier step). Information on the existing or
projected distribution of the other personnel characteristics at
various levels of the ASVAB area composite will be available in
the PER-SEVAL files. (The projected distributions would be
predicted by P-CON.} This information can be used to generate
expected mean scores for the non-ASVAB characteristics at a given
cut-off level of the ASVAB composite. The user next rates the
expected mean level of performance using a behaviorally-anchored
rating scale (see Figure 6). The anchors on this scale would
depict expected performance levels for Project A tasks falling
into that taxon. These levels would be predicted using the PSFs
and the predictor values described above as input. It should be
noted that this scale should be appropriate for most fine motor-
discrete tasks since "% steps correct" is the metric most often
used to measure performance on thegse tasks. Based on previous
analyses, we expect 30 to 60 percent of weapon systems tasks fall
into the fine motor-discrete taxon. It should also be noted that
as PER-SEVAL is applied to a large number of weapon systems, it
will be pcossible to build task difficulty rating scales using
metrics other than the Project A "% steps correct™ metric. Once
the user has input the mean values, he is then asked to enter the
expected minimum (5th percentile) and maximum (35th percentile)
values for task performance. This information is used to generate
a standard deviation for the task.

In the third situation, we assume that the new task is not
measured on the same scale as the Project A tasks (i.e., not
measured on the % steps correct metric). In these situations, the
user follows procedures similar to those described above (see
Figure 5). However, rather than using the BARS scales, the user
makes direct estimates of mean performance given a mean ASVAB area
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composite level and expected frequency of performance on the job.
For assistance, a user can ask the system to show what level of
performance was achieved on other tasks falling into that taxon
given the same levels of ASVAB area composite and frequency of
performance. As in the second situation, the user is asked to
enter the expected minimum (5th percentile) and maximum (95th
percentile) values for the task to provide the information needed
to estimate the standard deviation for task performance.
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Figure 5. Methods for eliciting mean performance valuss.
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TASK: Start Mi1A1 Tank Engine MOS: 19E
TASK TYPE: Elne Motor - Discrete EXPECTED SCORE: XXX
ASVAB COMPOSITE: Combat (CO)

EXPECTED FREQUENCY OF PERFORMANCE ON THE JOB: Qnce a Month

Estimate expacted % gteps correct for task listad above. Examples of
performance lovels for other Fine Motor - Discrete tasks are listed below
to assist you.

% STEPS CORRBRECT
100 —
- Perform Operator Malntenance on M3At Machine Gun (95%)
90 —
80 - Operate Radlo Set AN/URC-64 (84%)
« Put on M25A1 Protective Mask with Hood (75%)
70 —1. swruStop Engine (on M4BS/MED) (66%)
80 — " Sst Headspace/Timing on M2 (85%)
50 ~——m
40 —
30 —
20 —
10 et
0 —l

Figure 6. Format fcr behaviorally anchored rating scaie.
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Potential Techniques for Validating the PSFs and Associated
Concepts

As noted in the introduction, resource limitations prohibited
us from validating the PSFs and associated concepts. In this
section, we briefly outline key concepts related to PSF
application that should be validated and possible validation
techniques.

To "validate" the PSF concepts outlined in this peper, there
are four key questions that must be answered.

1) Can users make reliable taxon assignments?

2) Can users make reliable and valid estimates of mean
performance?

3) Do the PSFs accurately predict task performance? If
partially successful, under what circumstances are they
successful?

4) Is the PER-SEVAL task taxohomy an accurate representation
of soldier tasks?

5) What is the impact of task performance reliability on the
PER-SEVAL estimates?

Question #3 is, of course, the most critical and the ultimate
validation question in a psychometric sense. Furthermore, we
would argue that if the answer to the first three questions is
yes, we would not need to know the answer to the fourth question
since the ultimate value of a taxonomy is determined by its
utility in predicting performance.

The reliability of the PER-SEVAL taxon assignment p.ocess can
be tested as follows. A group of Army personnel from the same
population as the expected PER-SEVAL users can be agked to make
taxon assignments for a large number of Army tasks using the
portion off PER-SEVAL that assists users in making these judgments.
These users would be asked to assign the same set of tasks. Two
measures of the “"agreement" of task taxen assignment could then be
constructed, One measure would assess the percentage of time a
task is placed into the same taxon. (The actual measure to be
used would be a coefficient ¢f inter-rater reliability.) The
other measure would examine the reliabilitv of the taxon
percentage assignments. It would be constructed by correlating
taxon percentage scores for tasks assigned tc the same taxon.
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If, as a result of the above analyses, it is found that users
are confusing two taxons, improved techniques for describing these
taxons should be developed and re-tested. If such techniques are
not possible, the taxons should be merged or rearranged.

The reliability of the PER-SEVAL mean performance estiimation
process can be tested as follows. A group of Army personnel from
the same population as the expected PER-SEVAL users can be asked
to make mean performance estimates for a large number of Army
tasks using the portion of PER-SEVAL that assists users in making
these judgments, Ugsers would be asked to make estimates for the
same set of tasks. Iorrelations between the task estimates could
then be exanined.

jxi‘iid;‘.;.‘, sqsessmenx‘

The validity of¥ the mean estimates could be assessed by
comparing the estimated mean performance estimates with actual
values from empirical data. To do this, tasks with existing
empirical data would have to be comparad with task performance
est imstes generated by the procedures described above.

)

W

The PS¥Fs can be used to make performance predictions for a
sample of individual soldiers on a number of tasks within a taxon.
These predictions can be correlated with actual performance on the
tasks. Validation of this type could readily be made using data
from the Project A data base. To do this, one would atteript to
predict performance on tasks that were not included in the
original PSF development effort.

The reliability of hands-on performance tests for individual
tasks is relatively low. For example, for the Project R hands-on
performance measures, Campell, Campell, Rumsey, and Edwards (1985)
report split-half reliabilities for individual tasks that range
from .35 to .82 across MOSs. Currently PER-SEVAL produces point
esctimation of performance for individual tasks that assume perfect
reliability, Ideally, if information on the reliability of task
performance measures for new systems was available, these point
estimates could be converted to intorval estimates that would
reflect the measures' reliability. Modification of PER-SEVAL to
accommodate changes in task performance reliability should be
considered in future HARDMAN III improvement programs.
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Potential Techniques for Improving the PSFs

In addition to the validation program described on page 87,
there are several otnher studies that could be undertaken to
improve the PSFs. As the discussion on page 21 and 47 indicates,
at this time we were not able to develop PSFs for several types of
tasks. There were several reasons for this. First, the Project A
data base lacked data on several different task types related to
system performance. In parcvicular, the Project A data base
contains one fine motor-continuous task and only a few visual
recognition/discrimination tasks. Second, for some task types,
particularly those with a small number of tasks, the predictor-
performance relationships were weak (see Table 39). Third, for
all but a handful of tasks the performance measure used in Project
A is "% go"--that is, the number of steps in a task of which the
soldier got a "go," divided by the total number of steps in a
task. While this measure is directly relevant to fine motor-
discrete tasks, it is less relevant to other types of tasks such
as fine motor-continuous tasks. For example, performance measures
more relevant to fine motor~continuous tasks are "percent hits"
(for shooting), root mean square deviation from ideal flight path
(for piloting). Measures of this type typically carn only ve
collected in the actual wvehicles or in simulators. Because its
primary focus was job performance and not weapon system. '
performance, Project A focused its hands-on assessments to tasks
at the soldier's home base.

In future efforts, we recommend that ARI develop more
perfermance shaping functions by collecting additional empirical
data from man-in-the-loop sinulations at Army simulation
facilities. These additional functions wnuld be dezigned to
provide data on the task types not covered adequately in the
Project A data base. They could also be designed to provide data
on the relationship betwaen performance and key training variables
not included in the current PER-SEVAL. For example, PER-SEVAL
estimates training as a function of the frequency and recency of
performing the task on the job or in sustainment training (these
are the training variables most related to training on the 4ob and
the only training variables available in the Project A data hase).
Cther key training variables (type and amourt of institutional
training) are not included in the PER-SEVAL.

We believe that there are a number of simulatecrs which could
provide the type of data needed bv the PER-SEVAL performance
shaping functions. One such simulator is the Realistle Air
Defense Engagement System (RADES). RADES is an air defense
simulator conuisting of subscale aircraft, an aircraft
position/location system, actual air defense weapon systems
(e.qg., Chaparral, Improved Chaparral, Self-Propelled Vulcan,
Reueye, Stinger, Reland, and KIVAD), and an electronic interface
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which connects the weapon to sophisticated data collection and
communication systems. Performance measures which RADES can
assess include times and ranges for critical engagement events,
aircraft identification accuracy, and kill or miss data.

Other simulators which could provide data for PER-SEVAL
performance shaping functions include the Crew Station R&D
Facility currently under development by the Army Aeroflight
Dynamics Directorate and the AMC ARTI program and the
developmental SIMNET (SIMNET-D) system at Fort Knox. The
September/October 1988 MANPRINT Bulletin described how SIMNET-D
could be used to support MANPRINT efforts.

Collection of empirical data from the simulators will be a
time consuming process. However, the PER-SEVAL provides a
":heoretical" framework which will allow this data to be
generaliz~d to a wide range of future systems and tasks -- thus
the payoff will be high.

Witlin recert years, there has been renewed academic interest
in examining the factors which moderate or impact the relationship
between human abilities and task performance. For example, in
recent yeavws chere have been several studies on the relationship
between human abilities and skill acquisition (see, for example,
Ackerman- 1987; Adams, 1987; Henry & Hulin, 1987; Schmidt, Hunter
~OQuterbridge, Goff, 1988 and Ortega, 1989). These studies

indicate that the relationship between performance and ability
varies as function of type of ability, place in the skill
acquisition process, and level of task difficulty. Almost all of
these studies used ability measures that are not used by the Army.
Thus, it is difficult to generalize their findings to Army
personnel. One possible activity under the proposed task order
would be to replicate selected academic studies using Army ability
measures {(e.g., ASVAB, Project A predictors). Results from such
studies could lead to more accurate predictions of soldier
performance.
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